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[57] ABSTRACT 

A process for making an interconnect system for a 
multilayer circuit pattern. The interconnect system is 
formed having minimized through-hole space con- 
sumption so as to be suitable for high density, closely 
meshed circuit patterns. 

7 Claims, 6 Drawing Figures 
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PROCESS FOR MAKING A MULTILAYER 
INTERCONNECT SYSTEM 

The invention described herein was made in the per- 
formance of work under NASA Contract No. NASA 
1-12435 and is subject to the provision of Section 305 
of the National Aeronautics and Space Act of 1958 (72 
STA. 435;42 U.S.C. 2457). 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a process for making a com- 
pact multilayer circuit interconnect system. 

2. Prior Art 

One example of a conventional process for making a 
multilayer circuit interconnect system includes forming 
holes in a nonconductive substrate and then building 
up the holes by an electroless plating technique. An 
alternative process includes filling the holes formed in 
the substrate with a swage tube. Electrical components 
received by the holes are electrically interconnected 
with conductive layers on opposite sides of the sub- 
strate through a plated hole or a swage tube. Another 
conventional process includes filling the holes formed 
in the nonconductive substrate with “balls” of conduc- 
tive material (e.g. solder) and heating or pressing the 
balls to interconnect conductive layers of the circuit 
pattern. Yet another conventional multilayer circuit 
interconnect process includes physically jumping to- 
gether conductive layers on opposite sides of the non- 
conductive substrate. 

However, these conventional processes for forming a 
multilayer interconnect system consume relatively 
large amounts of areas on a nonconductive substrae, 
such as a printed circuit board, a flexible film and the 
like. As a consequence of the relatively large areas 
consumed, an interconnect system formed in accor- 
dance with any of the conventional processes is unsuit- 
able when employed with circuit patterns having 
closely meshed, high density conductor lines. 

SUMMARY OF THE INVENTION 

Briefly, and in general terms, the process for making 
the multilayer circuit interconnect system of the instant 
invention includes the steps of forming a first layer of 
the interconnect system by applying a masking material 
in a predetermined pattern to a continuous sheet of 
electrically conductive material. The masking material 
pattern includes predetermined unmasked areas, deter- 
mined by the desired locations of the feed-throughs or 
vias of the circuit pattern. The unmasked areas formed 
in the masking material are filled with an electrically 
conductive material. The layer of masking material is 
removed from the conductive sheet, leaving only a 
pattern of raised conductors on the conductive sheet. 
An electrically insulating base member is selectively 
cut or punched to include voids which generally corre- 
spond in configuration to that of the raised conductors. 
The conductive sheet and the base member are aligned 
with one another so that the raised conductors on the 
conductive layer extend into the voids which have been 
selectively punched into the base member. The con- 
ductive sheet is then affixed to the base member. 

A second layer of the instant interconnect system is 
formed by repeating the steps herein described. The 
first and second layers are aligned relative to one an- 
other so that the respective raised conductors on each 
conductive sheet extend through the selectively 
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punched voids in the base member. The second con- 
ductive sheet is then affixed to the base member. The 
raised conductor portions of each layer are secured to 
one another by suitable metallurgical joining process 
5 thereby forming the vias or feed-throughs which inter- 
connect conductive layers on opposite sides of the base 
member. The desired circuit pattern to be formed on 
both sides of the insulating base member is defined by 
removing the excess of the continuous conductive 
1° sheets and the laminating material from the composite 
laminate formed by the first and second layers. Thus, a 
multilayer circuit interconnect system which consumes 
minimal area is formed having a continuous electrically 
conductive path on both sides of the insulating base 
15 member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-6 illustrate the steps of the instant process 
for making a multilayer circuit interconnect system. 

20 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows the initial step of the process for making 
the multilayer circuit interconnect system of the instant 
25 invention. A first layer 1 of the interconnect system is 
formed by applying a masking material 4 in a predeter- 
mined pattern to a continuous sheet 2 of electrically 
conductive material. In a preferred embodiment, one 
example of a typical masking material 4 is that known 
30 in the art as RISTON. An example of a suitable conduc- 
tive material comprising continuous sheet 2 is copper. 
However, it is to be understood, that other suitable 
electricaly conductive materials (e.g. such as alumi- 
num) and masking materials may also be employed. 
35 The prescribed pattern of the masking material 4 ap- 
plied to conductor sheet 2 is determined by the desired 
locations of the feedthroughs or vias which intercon- 
nect conductive layers of the circuit. The masking ma- 
terial pattern 4 selectively includes predetermined un- 
40 masked areas 6 which will subsequently contain the 
feedthroughs, as will be explained in greater detail 
hereinafter. 

Referring now to FIG. 2, the unmasked areas 6, se- 
lectively included in the masking material pattern 4, 
45 are filled with an electrically conductive material 8 in a 
suitable manner. For example, electroforming, amal- 
gam filling or other techniques may be used. In a pre- 
ferred embodiment of the invention, but not regarded 
as a limitation thereof, the unmasked areas 6 are filled 
50 with gold. This or any other suitable electrically con- 
ductive material (e.g. copper or solder) may be em- 
ployed. However, the material 8 is required to be easily 
joinable to itself or to another conductive material, the 
purpose of which will soon become apparent. 

55 In FIG. 3, the masking material is removed from the 
conductive sheet 2 by any convenient process leaving 
only the predetermined pattern of raised conductors 8 
on sheet 2. For example, if the masking material were 
RISTON, then the RISTON may be removed by a suit- 
60 able solvent. The process for removing the masking 
material from the conductive sheet 2 is determined by 
the type of masking material employed to form the 
instant interconnect system. 

In FIG. 4, the conductive sheet 2 is attached to an 
65 electrically insulating base member 12. The base 12, 
typically a printed circuit board, a flexible film or the 
like, is selectively cut or punched so as to include voids 
16 which generally correspond in configuration to that 
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of the raised conductors 8. The voids 16 punched into 
th^ base 12 define the locations for the feedthroughs of 
one layer 1 of the circuit interconnect system. The base 
12 is comprised of a material having a high electrical 
resistivity, which may be that known in the art as KAP- 5 
TON. The conductive sheet 2 and the base 12 are 
coated with a suitable laminating material 14 (e.g. such 
as an epoxy). The conductive sheet 2 is aligned with the 
base 12 so that the raised conductors 8 extend into the 
voids 16, as shown. 10 

FIG. 5 shows a composite multilayer laminate 25 
including the feedthroughs 20 of the instant intercon- 
nect system formed by the process herein disclosed. A 
second layer 10, identical to layer 1, is formed by re- 
peating the steps as described while referring to FIGS. 1 5 
1-4. Electrically conductive sheet 2-1 of layer 10 is 
coated with the lamination material 14-1 and attached 
to the base 12, as shown. Layers 1 and 10 are aligned 
relative to one another so that the respective raised 
conductors 8 and 8-1 extend through the selectively 20 
punched voids 16 in base 12. 

The raised conductors 8 and 8-1 of layers 1 and 10, 
respectively, are secured to one another at junction 18 
by a suitable metallurgical joining process, depending 
upon the composition of the raised conductors 8 and 25 
8-1. For example, if the raised conductors are com- 
prised of gold, a diffusion bond may be formed between 
raised conductor 8 and 8-1. Alternatively, if the raised 
conductors are comprised of copper, a fusion bond 
may be formed between conductors 8 and 8-1 with the 30 
addition of a third conductor material, such as that 
typically having a lead-tin composition (e.g. solder). It 
is to be understood that the foregoing are only exam- 
ples of typical metallurgical processes which may be 
employed for joining raised conductors 8 and 8-1 to- 35 
gether for forming the electrically conducting feed- 
throughs 20 of the multilayer interconnect system of 
the instant invention. Other suitable conventional 
bonding techniques, such as thermal compression, re- 
sistance welding, ultrasonic bonding, etc., may also be 40 
utilized, depending upon the materials comprising 
raised conductors 8 and 8-1. 

Referring to FIG. 6, the desired circuit pattern to be 
formed on both sides of the insulating base 12 is de- 
fined by removing the excess of the continuous conduc- 45 
five sheets 2 and 2-1 and the laminated material 14 and 
14-1 from layers 1 and 10 of the instant composite 
laminate 25. This is accomplished by a suitable process, 
which may typically consist of a conventional etching 
procedure. 50 

By virtue of the instant process, a multilayer circuit 
interconnect system is achieved which has a continuous 
electrically conductive path formed on both sides of an 
insulating base. The conductive feedthroughs or vias of 
the instant invention can be selectively made in widths 55 
reduced to as small as the width of a circuit line. Be- 
cause of the relatively small through-hole area con- 
sumed by the instant feedthrough configuration, the 
instant process is ideally suited for closely meshed cir- 
cuits having high density conductor lines. Moreover, 60 
since the feedthroughs of the instant invention may 
essentially consist of a fine conductive line protruding 
through a hole in the base member from one conduc- 
tive layer to another, circuit noise is minimized, as 
compared with that of conventional multilayer inter- 65 
connect systems. 

The instant process herein disclosed is applicable to 
all flexible printed circuit systems including polyimide 
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and polyamide-imide type printed circuit systems. Ad- 
ditionally, the instant process may be employed for 
matrixing circuitry in magnetic bubble domain memory 
systems or the like. It is also to be understood that the 
instant process may be utilized for providing an inter- 
connect system for a circuit comprised of any suitable 
plurality of conductive layers. For example,’ additional 
conductor “buttons” (or 8-1) can be formed on the 
opposite surface of conductive sheet 2 (or 2-1). These 
additional raised conductors can then be joined with 
aligned conductors on similar devices. Thus, a multi- 
layer arrangement is provided. 

It will be apparent that while a preferred embodiment 
of the invention has been shown and described, various 
modifications and changes may be made without de- 
parting from the true spirit and scope of the invention. 
For example, the continuous conductive sheet of each 
layer of the composite laminate (i.e., as shown in FIG. 
6) may be plated with a suitable conductive material 
(e.g. gokT or the like) thereby providing an oxidation 
and corrosion resistant surface for the conductive 
sheets. Also, raised conductors 8 pi ay be provided on 
opposite sides of a conductive sheet 2. That is both 
sides of the sheet may be operated upon concurrently 
(or consecutively) to produce a conductive sheet with 
suitable conductor patterns on the opposite sides 
thereof. 

Having thus set forth a preferred embodiment of the 
instant invention, what is claimed is: 

1. A process for making an interconnect system for a 
multilayer circuit, which comprises: 

applying a masking material in a prescribed pattern 
selectively including masked and unmasked areas 
to first and second electrically conductive sheets; 

filling said selectively unmasked areas with an electri- 
cally conductive material; 

removing the masking material from each of said first 
and second sheets, thereby leaving said prescribed 
pattern of conductive material on each of said 
respective sheets; 

removing through-hole areas from an electrically 
insulating substrate, said areas substantially corre- 
sponding in configuration to that of said prescribed 
pattern of conductive material; 

coating at least some of said first and second conduc- 
tive sheets and said insulating substrate with a lami- 
nating material; 

affixing said first and second conductive sheets to 
said substrate so that said respective conductive 
material on each of said sheets is substantially 
aligned with respect to one another in said through- 
hole areas of said substrate; 

removing selected portions of said first and second 
conductive sheets to accordingly interconnect cir- 
cuit lines of said multilayer circuit through said 
conductive material in said throughrhple areas of 
said substrate; and 

plating said interconnect system with; a protective 
layer of material. 

2. The process recited in claim 1, further comprising 
joining said respective conductive material on each of 
said first and second conductive sheets to one another 
in said through-hole areas. 

3. The process recited in claim 1 wherein said mask- 
ing material is applied to only one surface of each of 
said electrically conductive sheets. 

4. The process recited in claim 1 wherein said filling 
step is performed using an electro-chemical technique. 
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5. The process recited in claim 1 wherein each of the conductive material 

steps is repeated in order to provide an interconnect The g c , ajm j wherein said insu . 

system having multiple layers. r . 

6. The process recited in claim 2 including adding an lating substrate is comprised of a flexible material. 

additional layer of conductive mateial to said pattern of 5 ***** 
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